The complete amino acid sequence of a structural protein, protein 8, isolated from the pharate cuticle of the locust Locusta migratoria was determined. Protein 8 contains 148 amino acid residues and has an Mr of 15224. By the extensive use of information obtained by plasma-desorption mass spectrometry (p.d.m.s.) it was possible to reduce the need for conventional sequence determination and to improve the reliability of the results. On the basis of the determined Mr of the intact protein all the peptides that constitute the complete sequence could be isolated from a time-course enzymic digestion. The isolated peptides were sequenced by using a combination of Edman degradation and carboxypeptidase digestion monitored by p.d.m.s. The alignment of the peptides was established from the time-course digestion and further verified by a second enzymic digestion. The primary structure of the protein consists of two hydrophilic and two hydrophobic regions. The hydrophobic regions are enriched in alanine, valine and proline and dominated by a repetitive sequence Ala-Ala-Pro-(Ala/Val). The sequence strengthens the view that the cuticle proteins belong to a unique family of structural proteins.
INTRODUCTION
The cuticle of the migratory locust (Locusta migratoria) contains more than 100 different structural proteins, of which the majority are basic [1] . N-Terminal sequence determination and amino acid analysis of a number of the proteins covering a pl range of 6.4-10.6 and an Mr range of 15 200-36 800 indicate that these proteins belong to a new protein family [2] . Cysteine, methionine and tryptophan are absent from the proteins and the content of phenylalanine is very low [1, 2] . The proteins investigated contain a-short N-terminal part that is rich either in hydrophilic residues or in glycine, tyrosine and leucine. This region is followed by a region dominated by alanine. The complete amino acid sequence of one of the proteins, protein 38 (pl 10.2, Mr 15322), has previously been obtained by using a combination of Edman degradation and 252Cf plasma-desorption mass spectrometry (p.d.m.s.) [3] . The protein investigated in the present study, protein 8, belongs to the group of slightly acidic proteins (pl 6.4) and contains an N-terminal region with some resemblance to that of protein 38 [2] .
In conventional protein chemistry, sequence determination of a protein is carried out by sequencing all peptides obtained from a chemical or enzymic degradation of the protein. The [4] it is possible to reduce the need for conventional sequence determination. We have employed the Mr information obtained by this technique in the analysis of a cuticular protein, protein 8, isolated from locust cuticle.
The primary structure of protein 8 was established from a single enzymic digest by conventional Edman degradation in combination with Mr information and amino acid analysis. The C-terminal sequence of the peptides obtained from the digestion was determined by carboxypeptidase digestion in combination with p.d.m.s. Nucleosil 300 (5 ,um particle size) resin was from Macherey-Nagel, Duren, Germany. Sperosorb ODS2 (5 ,um particle size) resin was from Phase Separations, Queensferry, Clwyd, U.K. Shandon Hypersil ODS2 (3 gm particle size) resin was from Shandon Southern Products, Runcorn, Cheshire, U.K. Vydac C18 (10 ,um particle size) was from The Separation Group, Hesperia, CA, U.S.A. The water used was ultra-high-quality water from an Elgastat UHQ (Elga, High Wycombe, Bucks., U.K.).
Solvents and reagents used for h.p.l.c. and the Sequenator were from Rathburn Chemicals, Walkerburn, Borders, Scotland, U.K. The solvents were used as obtained.
Amino acid analysis
Samples (1-10 nmol) were freeze-dried in glass tubes (5 mm x 50 mm) and each was placed in a 22 ml screw-cap vial equipped with a Mininert valve. Approx. 0.5 ml of a 6 M-HCl/0. 1 % phenol solution was placed in the bottom of each vial and the samples were hydrolysed under reduced pressure for 23 h at 110 'C. The amino acid analysis were performed on an LKB Alpha amino acid analyser with post-column formation of o-phthaldialdehyde derivatives and fluorescence detection by Hans Frede Hansen, Rigshospitalet, Copenhagen, Denmark. Purification of protein 8
Protein 8 was extracted from either wings or total cuticle. The extraction and primary purification procedure have been described elsewhere [2] . The protein was further purified by using h.p.l.c. equipment consisting of two Waters 6000 pumps, a Waters 680 gradient controller, a Waters 440 u.v. detector with an extended wavelength module and filters for 214 and 254 nm.
The column (8 mm x 120 mm) was packed with Vydac C18 (10 ,um particle size) resin and the protein was eluted with a linear gradient of 10-50 % (v/v) propanol-2-ol in 0.1 % (v/v) trifluoroacetic acid at 50 'C.
Time-course tryptic digestion Analytical. A 200 ,tg portion of the purified protein was dissolved in 80 ,ul of 0.2 M-triethylamine and the pH was adjusted to 10.5 with HCI. Trypsin (2 ,ug; enzyme/ substrate ratio 1: 100, w/w) was added and 16 #1t portions were withdrawn at 5, 15, 30, 60, 120 and 180 min. The digestion was terminated by addition of 3 ,tg of soyabean trypsin inhibitor.
Preparative tryptic digestion. A 5-10 mg portion of the protein was digested as described above and the reaction was terminated after 15 min. Digestion with S. aureus proteinase A 5-10 mg portion of the protein was digested at 37 'C with S. aureus proteinase (enzyme/substrate ratio 1:10, w/w) in 100 mM-ammonium acetate adjusted to pH 4.0 with acetic acid. The digestion was terminated by freezing the solution. plasma-desorption mass spectrometer (Bio Ion AB, Uppsala, Sweden). The spectra were accumulated for 0.5 x 106-1 x 106 fission events corresponding to approx.
7-15 min. Further details have been described elsewhere [7] .
Sample preparation for m.s.
The samples were analysed by using nitrocelluloseprepared targets [8] The peptides isolated from the enzymic digests of protein 8 have a prefix indicating the enzyme used: T for trypsin and A for S. aureus proteinase.
RESULTS

Determination of the M, of protein 8
The mass spectrum obtained from the protein adsorbed on nitrocellulose is shown in Fig. 1 . The single-charged molecular ion is absent but the double-charged and triple-charged ions are readily identified, a feature often observed for proteins desorbed from nitrocellulose [8] . By taking the average of the Mr values as calculated on the basis of the double-charged (Mr 15222) and triplecharged (Mr 15240) ions the Mr of the protein was determined to be 15231 + 15.
N-Terminal sequence
The N-terminal 56 amino acid residues of protein 8 (except for residue 54) have previously been determined by automatic Edman degradation of the intact protein [2] . The identity of 55 of the 56 N-terminal residues was verified, and in addition residue 54 was shown to be glutamic acid.
Time-course tryptic digestion
The purpose of performing a time-course tryptic digestion of the protein was to obtain large peptides suitable for Edman degradation and to determine the linear order of these peptides.
The peptides were separated by h.p.l.c. (Fig. 2) The spectrum is background-subtracted. Counts/bin is an absolute measure of ion abundance for a given mass increment called a bin.
From the time-course analysis shown in Fig. 2 it can be seen that the three tryptic-digest peptides T2, T4 and T4. 1+ T4.2 appeared and disappeared during the digestion. The peptide T2 (Mr 1980.1) can be shown to be degraded to two smaller tryptic-digest peptides T2. 1 and T2. 2 with Mr values 633 and 1369 respectively. The amount of peptides T2.1 and T2.2 increased during the digestion whereas the amount of T2 decreased after an initial increase. The tryptic degradation pattern of the peptide T4 was determined by performing a tryptic digestion of the isolated peptide directly on a nitrocellulose-prepared target as described previously [10] . The p.d.m.s; spectrum of the peptide is shown in Fig. 3(a) (before the tryptic digestion) and Fig. 3(b) In the present system used for automatic Edman degradation, it was only possible to identify histidine and arginine residues if they occurred close to the N-terminus of the peptide. This is probably due to a low yield in the extraction with chlorobutane in the Sequenator and a broad peak shape in the h.p.l.c. analysis. The largest tryptic peptide T4 contains 33 residues and covers the sequence residues 50-82. From the automatic Edman degradations it was not possible to determine the histidine residues in positions 68 and 71 and the C-terminal arginine residues. The glutamine, serine and glutamic acid residues in positions 78, 79 and 80 were only tentatively determined.
The result from a carboxypeptidase Mll digestion in situ is shown in Fig. 4 . The alanine residue in position 81 is confirmed and the presence of a serine residue in position 79 is established. The C-terminal arginine residue and the glutamic acid residue in position 80 were only tentatively determined by this method because of an insufficient precision in the mass determination. The Cterminal arginine residue was determined by amino acid analysis of peptide T4 and manual gas-phase Edman degradation of the peptide, which covers the residues 81-103, obtained from an S. aureus-proteinase digestion of protein 8 .
A time-course S. aureus-proteinase digestion ofpeptide T4 resulted in the degradation pattern shown in Fig. 5 . The peptide was hydrolysed to two peptides with Mr values 1437.8 and 2275.9 corresponding to the peptides Ala50-Glu62 and Phe63-Arg82. The peptide Phe63-Arg82 was further degraded to Phe63-Glu80 and the C-terminal dipeptide Ala-Arg, thereby confirming the presence of a glutamic acid residue in position 80. After approx. 5 h of S. aureus-proteinase digestion two peptides with Mr values %52.6 and 1216.2 covering the sequences Phe63-Asp69 and Ala70-Glu80 appeared. The peptides were isolated by h.p.l.c. and the peptide Ala70-Glu80 was submitted to a tryptic digestion followed by manual gasphase Edman degradation of the mixture. The histidine residue in position 71 and the glutamine residue in position 78 were determined from the manual Edman cycles. The Mass spectrometry as an aid in sequencing a locust cuticle protein sequence residues 83-148. Peptide T5 was concluded to be the C-terminal peptide because it was the only tryptic peptide recovered in major amounts that did not contain a C-terminal lysine or arginine residue.
Except for the histidine residues in positions 110 and 142, the sequence of all three peptides could be obtained by automatic Edman degradation and carboxypeptidase digestion monitored by p.d.m.s. (Fig. 6) Ile-Glu-Asp-Glu-Tyr-Gly-Asn-Val-Leu-His-Ala-Ser-Gly-Gly-Tyr-Ala-Ala-Pro-Ala-Ala-Tyr-Ala-Ala-Pro-Val-25 Arg-Tr-Va-GluTyr-ln-Aa-As-Asp-is-An-Gl-PheAsn-la-Vl-Va-His-rg-Tr-Pr-GlyThr-is-Po-15
Val-Ala-Val-Ala-Pro-Val-Ala-Val-Ala-His-Ala-Pro-Val-Ala-Val-Ala-His-Ala-Pro-Ile-Ala-Tyr-His Fig. 8 . P.d.m.s. spectra of (a) peptide A6 before digestion with trypsin and (b) of peptide A6 after tryptic digestion in situ for approx. 20 min The experimental conditions are as described for Fig. 3(b) .
because they are eluted in the solvent front of the h.p.l.c. However, the N-terminal sequence of protein 8 is well established from the Edman degradation of the intact protein and of the tryptic peptide T6.
A large S. aureus-proteinase-digest fragment (A3) covering the sequence residues 5-62 (Mr 5660.5) was expected from the sequence of the protein and the primary alignment of the tryptic peptides. The In the sequence determination of peptides by Edman degradation, it is often difficult to obtain the C-terminal sequence, as the last few residues are washed out from the reaction chamber. In such cases the C-terminal of the peptides was obtained by carboxypeptidase digestion monitored by p.d.m.s.
The sequence of protein 8 can be divided into four regions. The N-terminal 12 residues are rather hydrophilic, whereas the following region (residues 13-59) is hydrophobic and dominated by a repetitive sequence Ala-Ala-Pro-(Ala/Val). This is similar to what has been found in the N-terminal part of seven other cuticle proteins [2] . However, unlike the only other completely sequenced locust cuticle protein, protein 38, the central part of protein 8 is rather hydrophilic and contains no internal sequence similarity. The C-terminal region of protein 8 is again dominated by alanine and valine residues. Internal sequence similarity can be found in the alanine-rich regions (Fig. 9) .
Secondary-structure predictions, based on the methods of Gamier et al. [11] and Levitt [12] , indicate that the Nterminal hydrophilic region is in f-sheet conformation, whereas the two alanine-rich regions could contain ahelices. As proline cannot be easily accommodated in ahelices, a number of quite short helices containing five to eight residues would be expected. The central hydrophilic region seems to consist of a repetitive f-sheet/fl-turn conformation.
A search for homologous sequences in other sequences using the Protein Identification Resource Database Release 10 (November 1986) did not reveal any homologies. This is in agreement with the search for protein 38 and strengthens the assumption that the locust cuticle proteins constitute a unique family of structural proteins. Com- Identical residues are boxed. Physiological and mechanical properties of the different parts of the locust cuticle may be due both to a slight difference in the structure of the proteins and also to the relative amounts in which they are found in the protein matrix of the cuticle. Protein 8 is found in major amounts in the cuticle from forewings and hindwings, whereas it constitutes only a minor part of the total protein found in the ventral part of the thorax, abdomen and hindleg femur [1] . Determination of the sequences of other cuticular proteins from Locusta migratoria could, it is hoped, contribute to a clarification of how these proteins are embedded and sclerotized in the cuticular matrix of proteins and chitin.
